Objective: Childhood onset GH deficiency (CO-GHD) is associated with increased morbidity and mortality; however, the patients' socioeconomic profile as adults is not fully known. Design: Register study using Danish nationwide registries. Two hundred and sixty GHD males and 156 GHD females and 25 358 male and 15 110 female controls were included. Methods: Information was obtained concerning cohabitation, parenthood, education, income, retirement, convictions, and death. Income was analyzed using conditional logistic regression, and other outcomes were analyzed using Cox regression. Subgroups of GHD patients with malignant tumors, craniopharyngioma, idiopathic GHD, and others were investigated separately. Results: Both male and female GHD patients had a significantly worse outcome on all studied socioeconomic parameters. Fewer GHD patients lived in partnerships and entered them later (male hazard ratio (HR): 0.31; female HR: 0.33), had fewer parenthoods (male HR: 0.26; female HR: 0.26), lower educational level (male HR: 0.58; female HR: 0.48), lower income, higher risk of retirement (male HR: 13.4; female HR: 24.2), and fewer convictions (male HR: 0.67; female HR: 0.49). Mortality was increased (male HR: 10.7; female HR: 21.4). Adjusted for marital and educational status, male HR of death was 5.2 and female HR 10.5. Patients with idiopathic GHD had a socioeconomic profile similar to controls. Conclusion: The primary causes of CO-GHD and concomitant diseases severely impair socioeconomic conditions and impact mortality; only the subgroup of patients with idiopathic GHD conditions was similar to the background population.
Introduction
GH deficiency (GHD) has been recognized as a clinical entity for more than 40 years, with the clinical effect of treatment with GH reported (1) decades ago. The primary disease resulting in GHD has an impact on morbidity and mortality as shown previously in both hypopituitary (2, 3) and GHD populations (4, 5) as well as in selected subgroups (6, 7) . The reports have been concordant regarding increased cardiovascular mortality, supported by clinical findings with impaired cardiovascular function in GHD patients, which improves upon GH treatment (8) . The impact of GH treatment on morbidity and mortality is as yet unknown.
GHD can arise as the result of a wide spectrum of diseases (9) . In questionnaire and interview studies, the consequences of childhood onset GHD (CO-GHD) on socioeconomic conditions (10, 11, 12, 13, 14) , psychological factors (15) , and on quality of life (16) have been investigated, primarily in selected populations treated with GH. These studies compared GHD patients with controls or same sex siblings and identified an identical educational level, a reduced or identical employment degree, and a reduced number living with a partner. However, nonresponse may bias the results (17) .
We investigated mortality and socioeconomic conditions in patients with CO-GHD, identified nationwide. They were matched on age and calendar time with controls using the unique Danish registries. We identified and compared their marital status, education, income, and retirement. Further, we analyzed mortality without and with adjustment for marital status and education.
during in Denmark (9) , encompassing 303 males and 191 females. Their morbidity and mortality have previously been described in detail (4, 5) . The following data include only those patients who were born between 1960 and 1991, and the sample was reduced to 260 GHD males and 156 GHD females who had reached adulthood before the end of follow-up in 2008. All patients were !18 years of age at the time of diagnosis, and the oldest patient was thus 48 years at the end of follow-up. Using Statistics Denmark, up to 100 new controls without a GHD diagnosis were randomly identified from the background population per GHD patient. The controls were matched on age (same year and month of birth) and gender. All controls were alive and living in Denmark at the time the patient was diagnosed with GHD. By this procedure 25 358 male and 15 110 female controls were identified.
Socioeconomic outcome parameters
From Statistics Denmark, we retrieved data regarding socioeconomic conditions, marital status, educational level, income, children, and retirement. We retrieved date of emigration, date of death, and the primary cause of death. These outcomes have been described in detail previously (18) . None of the registries contain information regarding life style such as smoking habits, diet, or physical activity. We present information regarding cohabitation and marriage, education, income, parenthood, retirement, convictions, and mortality.
Cohabitation and marriage
We retrieved all persons' marital and cohabitational status, each on 1st of January. Data were available from 1980 through 2007. The event was first change from being single to cohabitating with a partner.
Education
Data were category of education and dates for achieved education. Educational categories registered were primary school, high school, vocational training, and a bachelor degree (e.g. laboratory technician or nurse). An achieved bachelor degree or higher was considered 'an education'. The event was the first achieved bachelor degree in a person between 18 and 40 years.
Income
Information on annual income, i.e. the taxable income before deductions, was given from 1980 to 2006. Only persons between 18 and 48 years of age with an income registered were included. As retired persons typically are on a fixed and reduced income, all retired persons were excluded from analysis from the year of retirement onwards.
Parenthood
All children born or adopted were registered until 2007 with a linkage to both of their registered parents.
Retirement
We defined retirement as due to age, sickness, and voluntary choice. A person was considered retired the first year money was received due to retirement and onwards, regardless of a later return to the labor market.
Convictions
In Denmark until 2010, the age of criminal responsibility was 15 years. All convictions have been electronically registered in the crime register since 1963. All convictions ever committed by a GHD patient or a control were retrieved from the crime register. We defined an event as the first conviction.
Mortality
For all analyses we used only the primary cause of death. We translated all diagnoses from ICD-8 to ICD-10 when necessary and categorized the deaths into the 19 chapters corresponding to ICD-10 for analyses of causespecific mortality. Hazard ratios (HRs) were calculated for each chapter and for all-cause mortality. Further, we adjusted for cohabiting status and education.
Primary disease
We divided all primary causes of GHD into four categories and analyzed the socioeconomic data in these separately. The four categories were malignant tumors, craniopharyngioma, idiopathic GHD, and others. The latter group of 'others' was by far the largest and consisted mainly of benign tumors, including pituitary adenomas, aplasia/hypoplasia of the pituitary, and trauma.
Treatment with GH, irradiation, and operation; number of additional pituitary deficits
We had information regarding these parameters with the latest possible registrations in 2002. We divided the GHD patients into those with and without known GH treatment. Number of additional deficits was defined as the sum of known deficits and/or relevant treatment for the given pituitary deficit.
Adjustment
We adjusted for cohabiting and educational status, both important protective factors regarding mortality (19, 20) .
Statistical analysis
The nonparametric test, Kruskall-Wallis, was used for the comparison of the median ages. The total number of persons was analyzed using Pearson's c 2 . Kaplan-Meier estimates were constructed for first experience of cohabitation, first education, first child, first conviction, and first retirement. Time at risk was calculated from the relevant birthday, 15 years (convictions and children), or 18 years (the others), or the date of start of registration, whichever came last, until the date of the first event, the date of emigration, the last date of registration, or 31 December 2008, whichever came first. HRs and P values were calculated using Cox regression where each GHD patient and the matched controls were a stratum, hereby adjusting for age and calendar time. We analyzed mortality with and without adjustment for marital and educational status. The former was undertaken using marital and education status as time-dependent covariates.
Income was analyzed annually using conditional logistic regression, where each case and his/her matched controls were one stratum. Data are presented in 5-year intervals. The dependent variable was dichotomous, indicating whether the income was above or below the median income among controls in the 5-year interval. All odds ratios are shown as GHD patients compared with controls. The standard error reported is a robust standard error estimate, due to the clustering of data.
All results are shown with 95% confidence intervals (CIs), or with range if relevant, and P!0.05 was considered statistically significant. We used Stata 11.0 (Stata Corp., College Station, TX, USA) for all calculations.
Results
Controls were identified for all GHD patients, and at least 84 controls were matched for every GHD patient. Both male and female GHD patients had a highly significant worse outcome on all studied socioeconomic variables (Table 1) . Many fewer GHD patients entered a first partnership and this happened at an older age than controls ( Fig. 1a and b and Table 1 ).
The HR among GHD patients compared with controls of achieving an education was 0.58 (95% CI: 0.41-0.81) for males and 0.48 (95% CI: 0.32-0.72) for females. Twenty-three percent of males with GHD and 5% of their controls were registered with lower secondary school only or less; similar data was recorded for the females with 30% of the GHD patients and 5% of the controls.
Income below the median was much more frequent among GHD patients, and this was evident from early adulthood into middle age ( Fig. 2a and b) .
The proportion of GHD males and females becoming parents was considerably lower than among controls ( Fig. 3a and b) . The HRs among males and females were similar. However, among those who attained parenthood, the age at first parenthood was similar among GHD patients and controls (Table 1) . Early retirement was extremely frequent among GHD males (Fig. 4a) and even more frequent among GHD females in comparison with controls (Fig. 4b) . By the age of 30, 2.9% of the background population and 35.6% of the GHD males were retired. The corresponding figures for females were 2.4 and 40.3%.
The risk of being convicted of a crime was reduced in GHD with a HR of 0.67 (95% CI: 0.54-0.84) for males and a HR of 0.49 (95% CI: 0.26-0.91) for females. There were distinct differences between the four larger groups of GHD causes ( Table 2 ). Not surprisingly, the GHD groups of 'malignant tumors' and 'craniopharyngioma' had a very poor outcome on all parameters. In the small group of idiopathic GHD, results were insignificant and inconsistent. The remaining group of 'others' also had a consistently poorer outcome on all parameters.
We identified an excessively increased all-cause mortality of an HR of 10.7 (95% CI: 7.5-15.4) for males, and a HR of 21.4 (95% CI: 12.6-36.3) for females. When adjusting for marital and educational status, we identified substantial reductions to an HR of 5.2 (95% CI: 3.5-7.6) for males and 10.5 (95% CI: 5.7-19.1) for females. In the GHD population, 32 patients died due to cancer, of which 30 (94%) were cancers related to the CNS. Of these 32 patients, 78% were CNS irradiated, 28% had pituitary operation, 41% received GH treatment, and 22% had a primary diagnosis of malignant cancer. By comparison, in the total GHD cohort (nZ416), 32% were CNS irradiated, 18% had pituitary operation, 76% received GH treatment, and 7% had a primary diagnosis of malignant cancer. Among the controls that died due to cancer, 19 out of 89 (21%) died due to a CNS-related cancer. The 18 noncancer deaths in the GHD patients were due to various causes (see Fig. 5 ). There were no recorded deaths among patients with idiopathic GHD.
Impact of treatment and other deficits
Generally, the GHD patients who had been irradiated had a worse socioeconomic profile and an increased mortality, whereas the impact of pituitary operation was not clear. Those who had GH treatment generally had a better socioeconomic profile, and a reduced mortality. For the majority of the socioeconomic parameters, those who had more than two additional deficient pituitary axes had a worse socioeconomic profile (for details see Supplementary Table 1 , see section on supplementary data given at the end of this article).
Discussion
This study shows a significantly increased socioeconomic burden in patients with CO-GHD when compared with an age-matched sample from the background population. When having CO-GHD, the chances of finding a partner or becoming a parent were severely impaired. Educational status, income, and retirement were all severely affected. The majority of socioeconomic parameters was deteriorated to similar levels in each of the three subgroups of patients with craniopharyngioma, malignant tumor, or other causes. This is in contrast to the subgroup of idiopathic GHD patients who were similar to the background population for all parameters except income. Odds ratio. Log scale Income above median CO-GHD females vs controls Figure 2 Odds ratio of income above median in GHD patients. GHD males (a) and females (b) vs controls. Per 5-year intervals of age, the median income was identified for each case's controls. All retired persons are excluded from being at risk from first year of registration of retirement. Note different scaling.
We consider the significantly decreased proportion of GHD patients finding a partner a strong indicator of the impact on daily life. However, the data presented here do not readily explain why the GHD patients do not find a partner or do not become parents. It may be due to lack of interest or lack of hormonal drive, or due to the combined impact of low educational level and comorbidity that follow the primary disease (5) . Similarly, the reduced number of children born to the GHD patients is not explained by the present design. We cannot determine whether it is the primary disease, the treatment, comorbidity, or the socioeconomic status which lead to the low fertility rate. However, we consider the hypopituitarism per se to be the most plausible cause of this finding. Previous data on marital status identified a reduced number of GHD patients with a partner compared with an expected age-adjusted rate (10, 12) and a reduced number of children born to GHD patients compared with controls (12) . Furthermore, children with hypopituitarism and low stature have been shown to have difficulties with problem solving (21) , often having to repeat a class, and have problems with adjustment (22) , which may persist into adulthood and affect scholarly abilities. Impaired memory and motor skills have been reported in men with multiple pituitary deficiencies (23) . Questionnaire studies assessing quality of life in different populations of adults with GHD have found reduced quality of life (24, 25, 26, 27, 28) .
The three subgroups of GHD patients with either well-defined primary diseases (i.e. cancer, craniopharyngioma) and idiopathic GHD were relatively small compared with the subgroup of 'others'; this group of 'others' includes a wide range of different rarer causes for developing GHD (9) , and it is as such a rather inhomogeneous group of patients. Due to the close matching of patients and controls, we were able to calculate reliable HRs in all subgroups. It must be taken into consideration that the HRs identified in these subgroups, however, have relatively wide CIs; we suggest that most importance should be placed on the trend of the result, and not on the exact value. Here, we for the first time demonstrate that the consequences of idiopathic GHD seem to differ from the other categories, and that these patients fare reasonably well.
Previously, the cognitive function in children with constitutional short stature and short stature due to isolated GHD has been described as normal in most studies. In contrast, deficits have been identified in children with hypopituitarism as reviewed by Ross (29) , which is in line with our findings of an educational level, which was significantly decreased both for boys and girls with GHD. Further, income was significantly reduced in both men and women with CO-GHD, possibly due to a cognitive dysfunction reducing the possibility to pursue a career. We also identified a low level of criminality among GHD patients, being significantly lower than among control persons. Generally the majority of convictions is present in the less educated part of the population, with a low income. However, we consider the reduced number of first-time convictions in GHD patients to be a consequence of a chronic disease.
The strength of this study includes the nationwide identification of GHD patients and their matched controls, and the use of register-based information. This minimizes the selection problems often found in studies requiring active participation. Furthermore, the patients were not selected on their out-patient clinic relationship, for instance a university hospital setting, and can be considered representative of the entire population of patients with a GHD diagnosis. The close matching of patients and controls enables us to undertake a statistically powerful comparison with the normal population, and ensures accounting for changes in socioeconomic conditions and mortality over time and with increasing age. The drawback is the lack of information regarding, for instance, quality of life and intelligence.
Mortality in a larger GHD cohort has been described previously (4) where the HR for males was 8.3 (95% CI: 4.5-15.1) and for females 9.4 (95% CI: 4.6-19.4), adjusted for age. This study includes only patients born between 1960 and 1991; however, the controls were identified using the same criteria but are now expanded from five to 100 per patient. Furthermore, the dates for the causes of deaths are extended from December 2001 to December 2006 for the cause-specific information and from December 2004 to December 2008 for total mortality. Thus, the advantage is a greater number of events, and the increased numbers of controls enhance the possibility to identify rare events. We have recently presented socioeconomic and mortality data on patients with Klinefelter syndrome and in comparison the impact of the primary cause of hypopituitarism/GHD must be seen as more severe on all studied aspects (18) , and likewise the impact on mortality is more severe than seen among patients with Turner syndrome (30, 31) , which emphasizes that CO-GHD is a very severe condition, with the important exception of the small group with idiopathic GHD which do better than the other GHD groups. The latter finding is positive indeed and expected pathogenetically, due to the absence of concomitant illnesses, with regards to the GHD diagnosis. These patients might have normal GH secretion at retesting after achievement of final height; however, we have no information regarding this aspect.
The subgroup of patients who died due to cancer had other baseline characteristics compared with the other patients. We therefore hypothesize that the cancer deaths among the GHD patients more likely are due to their primary disease combined with irradiation, and not because of the GH treatment they received. Only two of the cancer deaths were (possibly) unrelated to cancer of the CNS, namely one death due to unspecified malignancy of the bronchus or lung and the other was an unspecified cancer death.
When adjusting for marital status and education, the mortality ratios decreased. The adjusted estimates should not be considered more correct than the unadjusted estimates; but the finding rather reflects that CO-GHD affects physical and mental development, with a combination of social consequences as well as consequences for mortality.
In conclusion, we identified severe socioeconomic consequences for patients with CO-GHD compared with age-and calendar-time matched controls. The consequences are present in marital status, number of Table 2 Hazard ratios (HRs) for socioeconomic parameters in GH deficient patients (nZ416) compared with controls (nZ40 468). HRs for the socioeconomic parameters divided into the four main diagnostic groups (for details, see Materials and methods section). HR not available due to lack of events. In parentheses 95% confidence intervals are presented.
Malignant tumors Craniopharyngeoma
Idiopathic GH deficiency Others Figure 5 Mortality in GHD patients. All-cause and cause-specific HRs of mortality in GHD males (a) and females (b) compared with controls (bold line), and mortality ratios adjusted for marital status and education (thin line). Numbers in parentheses indicate number of deceased persons, GHD patients, and controls, respectively. Only informative chapters are included. Note log-scale on the X-axis.
children, education, income, and retirement in both genders. Based on these findings, evaluation of socioeconomic circumstances should be a part of the routine clinical management in GHD children; however, we are not able to identify specific solutions to these problems.
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